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Abstract 

A global supersymmetry (SUSY) in super symmetric gauge theory is generally 
broken by gauge fixing. A prescription to extract physical information from such 
SUSY algebra broken by gauge fixing is analyzed in path integral framework. If 
^susySbrst"^ = ^brst^susy"^ for a gauge fixing "fermion" 4', the SUSY charge 
density is written as a sum of the piece which is naively expected without gauge 
fixing and a BRST exact piece. If 6susySsusySbrst'^ = SbrstSsusySsusy"^, the 
equal-time anti-commutator of SUSY charge is written as a sum of a physical piece 
and a BRST exact piece. We illustrate these properties for = 1 and N = 2 
supersymmetric Yang-Mills theories and for a D = 10 massive superparticle (or 
"D-particle" ) where the K-symmetry provides extra complications. 
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1 Introduction 



In some of the applications of supersymmetric (SUSY) gauge theory the SUSY algebra, 
in particular, its possible central extension provides important physical information 0. 
On the other hand, the global SUSY in generic supersymmetric gauge theory is generally 
broken by gauge fixing, at least in the component formulation in the Wess-Zumino gauge. 
The SUSY charge thus generally becomes time- dependent after gauge fixing. In such a 
situation, it is important to specify how to extract physical information from the broken 
charge algebra. In the present note, we present a general prescription how to extract 
physical information from the equal-time anti-commutator of such broken SUSY charge 
density in the framework of path integral and the Bjorken- Johnson-Low (B JL) prescription 
0. The quantities in path integral , which are defined in terms of T*-product , are 
converted into those in the conventional T-product by BJL prescription, which in turn 
readily provide information about the equal-time (anti-) commutator. 

The essence of our analysis is summarized as follows: If one defines the gauge fixing 
Lagrangian by Cg = Sbrst"^, where \l/ is a gauge fixing "fermionic" function, the SUSY 
charge density Jsusy written as 

J SUSY = J SUSY (naive) + BRST cxact picce (1.1) 

if 

^susy^brst"^ = ^brst^susy"^ (1-2) 

where Ssusy is a localized (coordinate dependent) SUSY transformation, and JsusY{naive) 
is the naive charge density expected before gauge fixing. 

If one has the relation with another SUSY transformation 

^'susy^susySbrst^ = SbrstS'susy^susy'^ (1-3) 

one obtains the equal-time anti-commutation relation 

{Qa{x^), Qf3{y^)}xO=yO = physical piece + BRST exact piece (1.4) 

where the physical piece as well as the BRST exact piece are obtained from a SUSY 
transformation of the SUSY charge density in path integral formulation. These properties 
hold when one assigns all the unphysical (ghost) particles to be SUSY scalar, namely, they 
are not transformed under SUSY transformation. 
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An advantage of this path integral formulation is that one can readily identify the 
possible presence of generic "Schwinger terms" such as the physical central extension. It 
turns out that the second property in ( |1.4| ) holds for a more general class of theories and 
gauge fixing than the first property in ( |1 . 1| ) . The properties and ( |1.2D have been 



analyzed in the past in Refs.jQ and To our knowledge, a systematic analysis of (|1.3|) 
and ( |1.4| ) has not been performed before. 

In the following, we illustrate these properties for = 1 and N = 2 supersymmetric 
Yang-Mills theories and for a D = 10 massive superparticle which may be regarded as 
a "D-particle" . In the latter case, the so-called k- symmetry gives rise to additional 
technical complications. 

2 = 1 super Yang-Mills theory 

As a first example, we consider supersymmetric Yang-Mills theory . The Lagrangian is 
given by 

Co = -^2tr Qf^.F'"" + tXa"'D.^X^ (2.1) 

where 

-DmA = dmX - i[Am, A] 

Fmn dmAyi (9n^m ^[^m; ^n] (2-2) 

Here we normalized the generators T"" of gauge symmetry by trT"T^ = The Landau- 
type gauge , for example, is defined by 

= 2tr(Ea^A" - icd^D^'c) = 2ti5BRST{cdmA^) (2.3) 

The SUSY transformation rules are 

SsUSyX = -e>""i^n.n (2.4) 

and the BRST transformation rules are defined by using a Grassmann parameter e as 

6 Am = ieDmC = ie{dmC - i[Am, c]) 
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S\ = —[ec, A], S\ = — [ec, A] 
6c=-^[ec,c] 

6c = eB, 6B = (2.5) 

Here c and c are the Faddeev-Popov ghost and anti-ghost, and B is the Nakanishi-Lautrup 
field. We can confirm that Sbrst and 6susy commute on and A by the above trans- 
formation rules 

SBRST^SUSrAf^ = SsUSY^BRSrAfj, = — [ec, SsUSY^fj] 

Sbrst^susy^ = ^susY^BRST^ = —[^c,6susyM (2.6) 
In other words, the gauge fixing fermion \l/ = cdmA"^ in (|2.3|) satisfies 



^BRST^SUSY"^ — ^BRSTCdrai^sUSYA^' 

= BdmiSsUSYA^) + cdU^BRSTSsUSYA^) 

= BdmiSsUSYAn + cdUSsUSYSBRSTAn 

= SsuSYiSBRSTicdmA"")) 

= ^susy^brst"^ (2.7) 



and similarly 



SbRStS'suSY^SUSy'^ — S'g^sY^SUSYSBRST'^ (2-8) 

even for the localized (coordinate dependent) SUSY transformation. In fact these prop- 
erties hold for a more general class of gauge fixing fermion = cF{Am, )\)- Note that 
all the un-physical particles are assigned to be SUSY scalar, namely, they are not trans- 
formed under SUSY transformation. These properties suggest that the supercurrent and 
superalgebra have the structure ( p..l| ) and ( |1.4| ), which can be confirmed below. 



The variation of the total Lagrangian C = Co + Cg under SUSY transformation with 
position dependent parameters is 

SsusyC = d^^S^ + e J + Smd^C + Je (2.9) 

where the SUSY currents and SUSY violating source terms are given by 

2i - - 2i - 

Sm = — irtiiXamakiF^^) - 2itT5BRSTicXam) = — ^tr(2Aa"F+„) - 2itr5BRSTicXar, 
9 9 
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2i 2i 
^'^ = -^tr(F'''CTfe;CT^A) - 2itT5BRST{camX) = -^tr(2F^,„a"A) - 2itT5BRST{ca,nX) 

J = -2ztrWT(c9"^Aa^) 

J = 2ttT6BRSTica^d"'X) (2.10) 

These SUSY currents 5*^ and 5*^ have the structure indicated in ( |1.1|) . Here we defined 

=-(F ±F ) = -(f ±?-r i,F''^\ (2 11) 

mn 2 ™" ™" 2 V mnkl-'' J V / 

where F = *F = i *F. In Lorentz metric i'^F = F, and are a self-dual (or anti-self- 
dual) part of F ,i.e., *F± = ±F±. 

A Ward-Takahashi identity for supersymmetry is obtained by starting with 

{Sa{y)v) ^ I dfiSaiy)ve'I''''' (2.12) 



with a global Grassmann parameter rj and performing the change of field variables un- 
der the localized SUSY transformation parametrized by C,{x) and ^(x). By taking the 
variational derivative with respect to ^(x) and ^(x) , one obtains W-T identities. For 
notational simplicity, we here write the identities obtained by multiplying global ^ and ^ 
anew: 



d'x^[do{T*S'{x)Sa{y)v) - {T*J{x)Sa{y)r])] 
+ J d'x^[do{T*S\x)Saiy)v) - {T:*Jix)SaiyM 
= S{x' - y') (2^a^r^(frnaiy) - 2tTSBRST{cF-,){y)) + iMa{y)v 



dx^ 

where we defined 



^ 6ix' - y') {AtT{Xc7aa'''r]5susYAi)iy)) (2.13) 



^MaV = {t^aanV ' ^zr/ane^)2tr [Aa^fT^DfcA] (2.14) 



and Tma is the energy-momentum tensor for supersymmetric Yang-Mills theory 

rp rpYAI I rpX 

ma ma ' ma 

g'Tl^' = 2tr - ^r/_F,,F^') 

g^T^^ = ^2tr(Aa„D„A + SAa.Z^^A) - ir/^,2tr(aa'=DfcA) 

- ^e^akn2tiCXcj''D'X) (2.15) 



We here recall the basic idea of the BJL prescription 0. The correlation function 
defined by T*-product 

{T*A{x)B{y)) (2.16) 
can be replaced by the conventional T-product if 

lim f d^xe"'^''-y\T*A{x)B{y)) = (2.17) 

If the above quantity does not vanish, one defines the T-product by 

J (fxe''i^''-y\TA{x)B{y)) = J d^xe''^'^''-y\T*A{x)B{y)) 

- lim / d^xe'''^''-y\T*A{x)B{y)) (2.18) 

In either case we have 

lim [ d^xe"^^''-y\TA{x)B{y)) = (2.19) 

which defines the T-product in general. 

In the present context, the term proportional to g^5(a;° — ?/°) in the right-hand side 
is subtracted away if one uses the T-product in eg. ( |2.13| ). We then obtain 



d'x^[do{TS'{x)S,{y)7]) - {TJ{x)Sa{yM 

d'x^[do{TS\x)Sa{y)v) - {TJix)Saiy)v)] 
= d{x' - y') (2^a^r]{frna{y) - 2trWT(cF„J(y)) + ^Ma{y)v) (2.20) 

If one performs the explicit time derivative operation in the left-hand side and if one uses 
the current conservation condition following from 



J d^x{doS\x) - J{x)) = J d^x{doS\x) - J{x)) = (2.21) 

one obtains the following commutation relations 

[eg(x°), Saiy)v]^o=^, = 2^a^v{Trna - 2trWT(cF-j) (y) (2.22) 

[CQix'),Sa{y)v]^,^ = ^Ma{y)v (2.23) 



Eq.( p.22|) shows that SUSY algebra at equal-time closes up to a BRST exact term. If 



the right-hand side of Eq.( p.23| ) does not vanish, it would represent a possible "central 



extension of N=l SUSY algebra". Note that nowhere in our calculation the equations of 
motion have been used. The right-hand side of Eq.( |2.23D vanishes if one uses the (safe) 
equation of motion in Eq.( ]2.14j ). We thus recover the conventional SUSY algebra defined 
in Poincare invariant vacuum , as is described in ( [1.41 ). A further comment on the central 
extension will be given in Section 5. 

In passing, we here note several useful relations in our path integral manipulation. To 
obtain (|2.10|) and also identify the energy-momentum tensor ( p.l5|) , we use the following 
identities, 

a'^a'^^Fki = 2a„F^'^ (2.24) 
For the general 2-form Amn and Bmn, we have the identities 

AinB-'-'' = 

A± TJ±k , n± /l±fc _ 1 A±TJ±kl 
^mk-^n ^ ^mk^n — 2 '"^^ kl-^ 

'^mk^n'' = ^mk^n^ = ^mk^n^ (2.25) 

Using these identities, the energy-momentum tensor of gauge field T™ in (|2.15| ) is written 



as 

YM 4 fe 4 +k 

'^mn ~ '^^^-^mk-^n ~ '^^^'^mk-^n (2.26) 



In the evaluation of (|2.14|) , we used the relation 



^a"'''r]tr[XamaDkX] = ea„„r7tr[Aa™'=DfcA] (2.27) 

3 N = 2 super Yang-Mills theory 

We next analyze the superalgebra of = 2 super Yang-Mills theory. The Lagrangian of 
N = 2 super Yang-Mills theory is given by Ref. 

Co = ^tr(^-lF"^"F^„-D^0t/)„0-acT™D„A-#a"D^V' 

+tV2{^[X,<j)] + [A,</.t]^) - ^[0,0^]^) + ^trF^„F-" (3.1) 
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where F""" = This Lagrangian is invariant under N = 2 SUSY. The first SUSY 

transformation (J'-^-* is defined by 



(3.2) 



£ - V ^sr ' f _ 



We write only the SUSY transformation with the parameter ^ ; SUSY with the parameter ^ 
is given by its complex conjugation. The variables A and ip form an SU(2)^ doublet. The 
second SUSY transformation 5^'^^ is obtained from 5^^^ by the SU{2)ji rotation {X,ip) — > 
(^,-A), 

5(2)0 = -v/2eA , 4'V^ = 

<5f^A = , 5f ^A = zV2D^(/)t^a"^ ^ ' ' 

(2) . ^ — 

-^m — ^A(Jm^ 

The gauge fixing term for the Landau gauge is given by 



Cg = 2tT{BdmA^ - icd„,D'^c) = 2ii5BRST{cd^A'^) (3.4) 
BRST transformation rules are defined by 

6\ = — [ec, A] , Sip = — [ec, ip] 



-[ec,> 

6c = eB , 6B = (3.5) 



6c = -^[ec,c 



We can confirm that 6brst and 6susy thus defined commute on 0, '0, A andAm,. See ( p.6|) . 
We thus conclude that the general analyses (|T]l|) - ( |1.4| ) apply to the present case, as is 
explicitly demonstrated below. 

The variation of the total Lagrangian C = Cq + Cg under SUSY transformation with 
position dependent parameters ^ {A = 1, 2) is 

= S^^^d"^^ + J(^)e (3.6) 
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where the supercurrents and SUSY violating densities are given by 
2i 



c{i) 



r] 



-tr 

9^ 
2i 



9 
2i 

9^ 



2i - - 

= ^tr(5j^) {-^^mip + Aa^A) - 2itT6BRST{cipamr]) 
9 

J(i) = -2ztT6BRST{cd^XcT'^) 
J(2) = -2^trWT(c5„^^c^'") 



2itr5B/j5T(cA(Tm?7) 

(3.7) 

2itTSBRST{cijamr]) 

(3.8) 

(3.9) 
(3.10) 



We multiphed supercurrents by a global Grassmann parameter rj to form Lorentz scalar 
quantities. 

An interesting property of = 2 superalgebra is the general existence of the cen- 
tral charge, which can appear in {Q^ \ To calculate this anti-commutator, we 
start with the Ward-Takahashi identity for supersymmetry in path integral formulation, 
which is obtained from the expression {S^\y)r]) and a change of integration variables 
corresponding to localized supersymmetry 6^^\ 

2 
9 

^ 5(x°-y°)(^tr(#^a°S5«A,)(y) 



-2V2i6{x^ - y° 



ir, — 9"tr [(F„^^ + 2F„„)0t] (^) _ ^auamV tiS BRST{cD''(P^){y) 



dx^ 



(3.11) 



where, for notational simplicity, we wrote the Ward-Takahashi identity multiplied by a 
global ^. We also used the equations of motion 



D'^Fnm = i[Dm(p\ 0] " Dm<P] " [A, CT^A] - [lp, a^ni^] 



a, 



,D^X = V2[<p\ij] 



(3.12) 
(3.13) 



in the above derivation, which is expected to be a safe operation. The term proportional to 
-^5{x^ —y'^) in (|3.11|) can be dropped if one uses the T-product by the BJL prescription. 
We then obtain 



[iQ^'\x').r,S^:^\y) 



2V2i[ir^ _9"tr[(F„„ + ^F„^)0^] {y) 

- ^akCJmV tr5BRSTicD''(P^){y)) (3.14) 



after rewriting ( 3.11 ) in terms of the T-product and operating the time-derivative in the 



left-hand side exphcitly. The electric charge rig and magnetic charge rim are given by 

d'x la„tr(F"V^) = a*(n, + (3.15) 
d'x ^a„tr(F"V^) = -%a*n^ (3.16) 

g 9 

where a is the asymptotic value of at spatial infinity. Eq.( p.l5| ) represents the so called 
"Witten effect" 0] . Note that does not appear in the expressions of supercurrents, and 
it enters in the superalgebra only through ( p.l5|) . 



The equal-time commutator of supercharges is obtained from ( |3.14|) by integrating 
over d^y as 

'iQ^^\x''),r^Q^^\x'')\ = -2V2t(^^r]Z* - ^aka'^r, J d'x trWT(c/^V^)(x)) (3.17) 
where the central charge is given by 



arig -|- rarim (3.18 
e Air 



+ 1— (3.19) 



Eq.( |3.17|) has a general structure as in (|1.4|) , and Z gives rise to the standard formula of 



the central charge of = 2 super Yang- Mills theory 0] . We emphasize that our derivation 
of ( p.l7| )~ ( |3.19| ) is fully quantum mechanical in the framework of path integral, which is 



based on the Lorentz covariant Landau gauge. 

4 D = 10 massive superparticle (D-particle) 

In this section we analyze the super algebra for a D = 10 massive superparticle in the 
BRST framework. Due to the well-known complications arising from the off-shell non- 
closure of K-symmetry, a straightforward prescription does not work. Nevertheless, we can 
devise a working prescription for this case also. The Lagrangian of a massive superparticle 
is given by P[ 

C, = ^-—e-iMeV,,e (4.1) 
where e is the einbein , M is the mass of the superparticle and we defined 

= - levj (4.2) 
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The index m runs from to 9, and 6' is a 32-component Majorana spinor. Here F"^ are 
the 10-dimensional Dirac matrices and Fn is a counter part of 75. We have Orj = fjO and 
6V Trill = —V^mO for two Majorana spinors. Instead of ( [4 .11 ), we here use the first order 
Lagrangian 

Co = Pmllm - ^{Pl + M^) - iMOT^^e (4.3) 
where 1^ = P^r™. In the chiral notation, the above Lagrangian is re- written as 

Co = PmXrn - tOi - ten - tMienOL - heR) - + (4.4) 

The action thus defined has a local /t-symmetry 

5 J = (M+|^Fn)/€, 5^P^ = {) 

S^e = AiOTiiK (4.5) 

The so-called "irreducible K-symmetry" Q is to choose k = kr = ^{1—Tu)k. Under 
this symmetry, field variables transform as follows: 



69r = Mkr, 69l = - 
(5X™ = i^jjF™M/tR - i^iF™ 

6e = -A^LKR, 6Pm = (4.6) 

We choose the gauge conditions e = 1 and 9r = 0, which are effected by the gauge fixing 
and Faddeev-Popov terms given by 

Cg = B{e-l)+ib{ce + ce) + '^LeR (4.7) 

One may understand ( [4.7] ) as formally obtained from 

Cg = 6BRST[bie-l)+PL0R 

= B{e-1)+ tb{ce + ce- A^lIr) + LOr - M^c^R - M^r) 

= B{e-l)+tb{ce + ce) + '^LdR + hM7R (4-8) 

where 7/? is the ghost related to the K-symmetry, and = Pi+AbOi and = ^l+^^(c/3l) 
after partial integration. The variables c, b are fermionic reparametrization ghost and anti- 
ghost, respectively, and {/3l,^l) are the Nakanishi-Lautrup fields to implement 9r = 0. 
The parameter e is a Grassmann parameter. 
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The ghost sector Pj^M'jji in the final expression of ( |4.8[ ) is analogous to that of the 
unitary gauge in Higgs mechanism, and it is expected that Pl and 'Jr do not contribute 
to the discontinuity in unitarity relations. One may then path integrate out (3l and then 
jji , and after the path integration the following (nil-potent) reparametrization BRST 
symmetry remains in the action defined by ( |4.71 ) 

SX"^ = -ieicX"^), 6e = -ie{ce + ce) 

sen = -i^cOr), 5eL = -it{ceL) 

5c = —iecc, 5Pm = —ie{cPm) 
6b = eB, 6B = 
S'L = -^^(cIl) (4.9) 

where the transformation property of is regarded to be induced by the original trans- 
formation law 

SPL = e^L, S^L = (4.10) 

What we have achieved in ( [4.7]) is that the irreducible K-symmetry in ( |4.6|) is effectively 
gauge fixed without a ghost for K-symmetry by using the algebraic 9r = gauge and thus 
the issue of off-shell non-closure of /t-symmetry is avoided. See also Ref. pO[] for a recent 
Hamiltonian analysis of this problem by using a different form of "reparametrization" 
symmetry which exists in the superparticle. 
The global target space SUSY is defined by 

6susy0l,r = ^L,R 

SsusyX^ = ^eLT"'9L + ^eRT'^9R 

Ssusre = 0, 5susYPm = (4.11) 

The variation of the total action S = Sq+Sq under SUSY transformation with localized 
(time dependent) parameters eL,R(t) is 

5S = J dt(ihQR + i^rQl + eRii) (4.12) 

which defines supercharges 

QR = 2{^eL-MeR) (4.13) 

QL = 2{^9R + MeL) (4.14) 
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Equations of motion for Ql,r{ot Ward-Takahashi identities) are obtained by using ( |4.12|) 
in the path integral 

d 







(4.15) 



The charge Ql is not conserved due to the term ^^6*/? in Cg. However one can find the 
supercharge which is conserved up to a BRST exact term. For this purpose, we rewrite 
the equation ( |4.15| ). From the equation of motion for 6ji we obtain 

dSo , dSg _ dSo 



+ 



^1 







(4.16) 



OOr OOr OOr 

where we wrote the total action as a sum of the main part 5*0 and the gauge fixing part 



Sg. 



On the other hand , the K-symmetry of So suggests 
dt 



OSn , ^ , , dSn 

-MKR{t) + 



pORit) ' dQL{t) ' ' 9X™(t) ^ ' de{t) 

Since X"^ and 6^ do not appear in Sg, we have the equations of motion 

dSo dSo 







The equation of motion for e{t) is 



dSo dSg 



We thus obtain 



dS 



deit) de{t) 
dS, 



dt 



If we combine the above equations (|4.16|) and ( |4.20D , we obtain 

Mi^ = 4^(&c^l) + 4^(Ml + bj^itch 



Thus we finally obtain 



d_ 
di 



Ql = -i^L 

4i d - 4 



(4.17) 



(4.18) 



(4.19) 



r d ■- 

J dt(B + ihc - ij^{bc)) {-AWlKr) (4.20) 



(4.21) 



(4.22) 
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We may thus define 

Qdt) = Qdi) + qdi) ^ Qdi) + j^h{t)c{t)eL{t) (4.23) 

which satisfies 

j^Ql = ^SbrsAWl) (4.24) 
namely, Ql is conserved up to a BRST exact term. A relation of the structure of this 



last equation is also derived for a supermembranejlTT]] , for example, by observing that 



the K-symmetry transformation does not interfere with the reparametrization symmetry 
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Note that is not BRST closed SBRsxiQi) 7^ 0. Therefore qi cannot be written in a 
BRST exact form qL 7^ Sbrst{*)- In the context of our general analysis, the gauge fixing 
fermion \E' in the present case is regarded to be given by (see 



^ = b{e-l)+PLeR (4.25) 
One can then confirm for a localized Ssusy 

SsusySbrst"^ = (^^L^Rit) - i(3LceR{t) 

= Sbrst^susy'^ (4.26) 

Therefore the relation (|T]T|) does not hold in the present example, namely, SBRsriqi) 7^ 0. 
However, one can confirm that 

^'susy^susy^brst'^ = ^brstS'susy^susy"^ = (4.27) 

( in fact, S's^sY^susYSBRSTie,9R) = SBRST^'susY^susYie.OR) = 0) and thus the property 
( |1.4| ) is expected to hold. This is confirmed by the following explicit calculation. 

It is important to observe that the extra term qiit) in Qiit) contains the derivative 
of 6l variable. This means that the localized supersymmetry transformation of qiit) 
gives rise to a term proportional to dtS(t — t'), which is eliminated by BJL prescription. 
Consequently, it does not infiuence the equal-time SUSY algebra (i.e., Ql and Ql satisfy 
the same form of algebra ). Therefore,we analyse the anti-commutator of Ql,r in the rest 
of this section. 
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If we make the change of variables generated by a localized SUSY transformation ( 4.11|) 
in the path integral defined by, for example, 

{Qn^is)) ^ i I dfxQRpis)e'' (4.28) 

where Z = J dfie^^ , we obtain the following relations (Ward-Takahashi identities), 

l(T*Ql{t)QL^{s)) = {2rAt~s)-T*z&)QLp{s 
l(T*Ql{t)Qnp{s)) = {2M6'^f,6{t-s)~T*zCLmRp{s 

±(T*Q%{t)Qn^{s)) = (-2M5V(t-.)) (4.29) 

All the operator ordering is defined by T*-product in path integral. We have no terms 
which contain dtS{t — s), and we obtain the T-product relations by using the BJL pre- 
scription 

d 



'TQl{t)QRp{s)) = {2M5%5{t~s)-i:iCL{t)QRp{s) 



j^{T^Ql{t)QRp{s)) = (-2M5V(t - .)) (4.30) 

If one uses the Lagrangian (|4.1|) instead of ([4.3|), the T*-product gives rise to identities 
with extra terms proportional to dtS{t — s). 

When one explicitly operates the time derivative in the left-hand sides of (|4.30|) , one 
obtains equal-time anti-commutator by using the equations of motion in ( |4.15| ). Compar- 
ing the both sides of ( |4.3CI| ), one thus obtains 

{Qiit),QL(,it)} = 2r^ 

{QUt),QR(s{t)} = 2M5"^ 

{Qm^QMi)} = -2M5"p (4.31) 

where M can be thought of as a "central charge". These relations reproduce the expected 
form (written in a chiral notation) of superalgebra 

[eg, t'Q] = 2e(f + Mrn)e' (4.32) 
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Note that we do not obtain the BRST exact pieces in the right-hand sides of ( [4 .311) due 
to ( F27D . 



One can confirm that all the correlation functions in ( |4.29| ) are well-defined . The 
essence of our path integral is described by the Lagrangian 

C = P^X^ - iOl r^L - iOr r^R - iM{9r9l - 9^9^) - ^(P^ + M^) + 1^9^ (4.33) 

after path integration over other unphysical variables. The path integral is then defined 
by , for example, 

(T*QR(t)QR(s)) = j VP^VX"'V9LV9RViLQn{t)QR{s)e'I^'''/ J dfxe'I^''' (4.34) 
The extra factor arising from the second-class constraint |jTo| , which may be represented 



by introducing an extra bosonic spinor (p^ described by C = —i(f)]J^(f)L, does not influence 
our correlation functions. It is significant that the Hamiltonian is given by if = \{P^ + 
M^) — ^1^9 R in ( ^.33| ), and the quantum fluctuation of ^^9^ term generally smears the 



pole position of the Hamiltonian H = |(P^ + M^) . We can thus avoid the appearance 
of singular correlation functions in (|4.29| ). The advantage of the present path integral 



approach is that we can directly obtain the physical results without going through the 
Dirac bracket manipulation. 

We emphasize that our treatment of /t-symmetry also works for a supermembrane |Tl|] ||12|| , 
for example. 

5 Discussion 

We have illustrated the simple rules in ( |1 . 1| ) - ( |1.4| ) for a general class of supersymmetric 
gauge theories when quantized by the BRST procedure. In our formulation, the Faddeev- 
Popov ghosts and Nakanishi-Lautrup fields are all assigned to be SUSY scalar. In practical 
applications, our method directly gives rise to desired results without going through the 
(often complicated) Dirac bracket analysis. Our treatment of these algebraic relations are 
in the full quantum mechanical level up to possible quantum anomalies. 

It is possible to incorporate the conventional gauge invariant ( but not necessarily su- 
persymmetric) regularization into our scheme. We can thus readily derive the anomalous 
commutator such as ( in the one-loop level accuracy) 

[eg, R\x)] = -^S\x) + z^tr(Aa''"F,.a°0 (5.1) 
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for the supercharge Qa and the chiral R - symmetry current R^{x) = 2tr(A(T™A) for the 
Lagrangian ( |2.1| ), by using the conventional chiral anomaly for dmR"^{x) and the BJL 
prescription. However, it is not easy to make a global supersymmetric structure manifest 
in our component formulation in the Wess- Zumino gauge. As a result, we have not 
succeeded so far in identifying the possible central extension of = 1 SUSY algebra 
suggested in Ref. |jl3[ in a reliable way; the suggested possible central extension is related 



to quantum anomaly and written as an integral of total (spatial) divergence. What we 
need is a generalization of the path integral evaluation in Ref. ||14|| and a supersymmetric 
generalization of the analyses in Ref.[|T3|, for example. 



With this limitation in mind, we still believe that our simple rules in ( |1 . 1[ ) - ( |1 .4| ) 
should be useful in the practical analyses of SUSY algebra and its physical implications. 
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